The ichthyoplanktonic community of the smallest inlet into a two-entrance Brazilian estuary was studied monthly between January and December 1999. Six samples were collected during the two central hours of each night flood tide. The community was dominated by Engraulidae, various species of Gobiidae, mainly Microgobius meeki, and Gerreidae as a distant third. Non-resident species showed low abundance. Seasonality was well marked, with highest abundance, lowest diversity and equitability between February and April, though individual taxa displayed large differences amongst themselves. Variations in the structure and abundance of the community did not present any obvious correlation with freshwater input, salinity or water temperature, features that appear similar to those detected in the single other South-American tropical estuary similarly studied. At the continental scale, the communities of these two estuaries differ from those of Amazonian river-dominated estuaries and of wind-driven sub-tropical or temperate lagoonal systems. In both, the community is numerically dominated by estuarine-dependent taxa, amongst which numerous Sciaenidae, and seasonal variations appear regulated by climatic conditions: either rainfall or temperature.
I N T R O D U C T I O N
The Brazilian coast extends for 8500 km along a northsouth axis, ranging from 04 N to 33 S. To date, marine and estuarine ichthyoplanktonic communities have been poorly studied along this extensive latitudinal gradient. Perhaps surprisingly, the most detailed and recent studies were conducted in remote areas of the country such as the Amazonian region (Barletta-Bergan et al., 2002a, b) and on the continental shelf break and beyond (Ekau et al., 1999; Lessa et al, 1999; Nonaka et al., 2000) . Data for estuarine areas are scant, being essentially limited to the north (Ekau et al., 2001; Barletta-Bergan et al., 2002a, b) and south of the country (Muelbert and Weiss, 1991) , presenting a large gap of 25 between 07 S and 32 S. In between, the few published works that are available are of highly-specialised scope (Schwamborn and Bonecker, 1996) , <1-year duration (Castro and Bonecker, 1996) , or have been conducted in biotopes that are not representative of most estuarine systems, such as hypersaline lagoons (Castro et al., 1999) .
The present study attempts to fill this gap, providing a first overview of the structure of the ichthyoplankton community of a typical mangrove-fringed tropical estuary at about middistance between the equatorial and temperate extremes. The region (at large) is of special biogeographical importance because coastline and submarine topography generate strong eddies into the southward-flowing Brazilian current and permanent or intermittent upwelling events (Schmid et al., 1995; Gaeta et al., 1999; Campos et al., 2000) The region appears as a boundary between northern and southern coastal fish faunas Joyeux et al., 2001) . Thus, variations in ichthyoplankton community structure and abundance during the year were determined to be inserted within a tentative biogeographical and climatological framework for the South Western Atlantic.
M E T H O D
The estuarine system of Baía de Vitória is located around the island capital of the state of Espírito Santo, Brazil (20 19 0 S and 40 20 0 W) (Fig. 1 ). Freshwater inflow from various tributaries mixes with urban and industrial sewage generated by 1.4 million inhabitants. Less than 30% sewage undergoes primary treatment. Oceanic waters enter the system through two channels. The southern channel, Canal do Porto, is of tectonic origin, large and deep (minimum width $150 m and maximum depth 23 m). The northern channel, Canal da Passagem, winds through extensive mangrove swamps (Rhizophora mangle and Avicenia racemosa) for much of its length. However, the eastern end, localised in a heavily urbanised area, has been channelled (mean width $125 m) and is constricted by the sustaining piers of two bridges (Fig. 1) .
Sampling was conducted monthly, between January 1999 and December 1999 (Table I) , with a 333-mm mesh cylindro-conical net of 0.6 m diameter and 3 m length, fitted with a calibrated General Oceanics flowmeter (2030R). The interval between consecutive collection dates varied from 20-49 days (mean¯AE SD = 30¯AE 8, n = 11). Six night-samples were collected on Month refers to the category used in analyses. Volume refers to all six monthly samples summed up. Volume sorted for eggs and larvae are only given for collections (months) with split samples.
each occasion, starting 2 h after the flood tide began (estimated from tide tables) and at 20 min intervals. Sampling was passive, sub-superficial in the deepest part of the channel near the inland-most bridge (Fig. 1) .
In that area, the channel is <50 cm deep during spring low tides. Each sample lasted 5 min (mean¯AE SD = 4.80¯AE 0.66 min, n = 72). Physico-chemical characteristics of the sub-surface water [salinity, temperature ( C) and dissolved oxygen (mg L À1 )] were measured during the first, third and fifth samples. No data are available for August and October 1999. Based on published tide tables for the main (southern) channel, the mean amplitude of tides sampled was 1.13 m (SD = 0.26 m, n = 12).
Collected plankton was preserved in 5% neutral formalin, and identified to the lowest taxonomical level with two independent identifications performed months apart. Teleost eggs were enumerated but not identified, except on specific occasions. Prior to sorting and identification, 12 samples were fractionated with a Folsom splitter owing to high abundance of eggs, larvae, plankton, detritus or sewage (spilt up to 1/32th for eggs and 1/4th for larvae). Development stage of larvae was noted as a matter of routine, but not systematically. The abundance was estimated as the number of individuals per 100 m 3 . The present study is based on 5960 fish larvae (from an estimated captured total of 10 481), and 12 989 eggs (from 47 705). Water discharge of the main river (Rio Santa Maria da Vitória; total drainage area, 1660 km 2 ) and rainfall on the lowlands surrounding the estuary were obtained from the Sistema 1950-2002 and 1965-2002, respectively. Hierarchical agglomerative analyses were run on MVSP 3.12c (Kovac Computing Services, 1985 , Anglesey, UK) using the unweighted pair group average (UPMGA) agglomerative method and Chord distance among monthly mean abundance of all taxa but eggs (Legendre and Gallagher, 2001 ). The temporal typology detected by clustering was then analysed for indicator and characteristic taxa using IndVal (Dufrêne and Legendre, 1997) . For each taxa, i, and each cluster group (of months), j, were computed measures of specificity (A ij = abundance ij /abundance i ) and fidelity (B ij = abundance ij /abundance j ). Specificity reaches its maximum when all specimens of a species are found in a single group (of months). Fidelity reaches its maximum when the species occur in all samples (months) of that group. The index value is then: IndVal = A ij B ij 100, expressed as a percentage. Taxa were considered characteristic of a cluster node for IndVal ! 70%. Significance levels for indicator taxa (nodes and branches) were set at a = 0.05 and a = 0.10 using two tests: a t-test comparing the distance between randomised values and the observed value, and the rank of the observed value among randomised values in decreasing numerical order (1000 iterations in both cases). Hierarchical divisive analyses were run on Twinspan (Two Way INdicator SPecies ANalysis; Hill, 1979 , as modified by Oksanen and Minchin, 1997) , using the cut levels 0.01, 0.1, 1, 10 and 100 individuals 100 m À3 , with the two first levels not considered informative. The minimum group size for partition was five. Hierarchical analyses (cluster, IndVal and Twinspan) were conducted on the mean monthly abundance (untransformed) of all taxa, eggs excluded.
Basic community data (larvae abundance, number of taxa, teleost eggs abundance) and community indices (Shannon-Wiever's diversity-computed with Naperian logarithms, Pielou's equitability and Margalef's richness; using all taxonomic levels) (Magurran, 1988) were tested for differences within and among collection dates. Within-collection tests used a k-related samples nonparametric Friedman test (a = 0.05) (Zar, 1999) , and among-collection tests used ANOVAs. All variables but community indices were Naperian log + 1 transformed to achieve near-normality (Kolmogorov-Smirnov-Lilliefors test; a = 0.05) (Legendre and Legendre, 1998) . Homogeneity of variance was tested using Levene's spread versus level test (a = 0.05) (Zar, 1999 ). Type III ANOVAs were then run on community data and indices (a = 0.01), with the sorted volume as a covariable. The covariable was removed from the model if found not significant. In that case, homogeneous subsets were estimated using Tukey's honestly significant difference test (Zar, 1999) . When the covariate was significant, post hoc tests for differences among collections were conducted with the Bonferroni multiple-comparison test (Zar, 1999) . Non-parametric and parametric tests were run on SPSS 8.0.0. (SPSS Inc., 1989 .
R E S U L T S
In the lowlands, the rainy season (monthly rainfall 100 mm month À1 ) typically extends from September to March, with the heaviest rains from November to January ; not shown). In 1999, monthly accumulated rainfall was especially notable (>150 mm month À1 ) in March and from October to December (Figure 2 ). The Santa Maria da Vitória River is controlled for energy production $40 km up the river mouth. The freshwater flow at the dam is highly regulated and monthly mean discharge (Fig. 2) . At the sampling site, recorded salinity at mid-tide varied inversely to the flow released at the dam (Fig. 3) . No obvious salinity response was observed in relation to rainfall alone [e.g. March (no data for October)]. Recorded water temperature followed a seasonal pattern. Dissolved oxygen concentration varied between 2 and 3 mg L À1 , except in February and July where almost normoxic values were recorded (Fig. 3) . During the central 2 h of the flood tide, physico-chemical characteristics of the water presented the changes expected for a rising tide (Friedman test for 3-related samples, n = 10): an increase in salinity (P = 0.001) from 24.8¯AE 5.9 to 27.7¯AE 4.4 and a small decrease in temperature (P = 0.026) from 25.6¯AE 2.3 to 25.3¯AE 2.1 C. There was no significant change in dissolved oxygen and concentration, which ranged between 2.6¯AE 1.3 and 2.9¯AE 1.0 mg L À1 . Fifty-three taxa were identified to species (28 taxa), genus (10) or sub-family to family (15) level. Only 25 individuals could not be assigned an identity (Table II) , as they were damaged or at yolk-sac stages. The most abundant taxon was Engraulidae, for which two samples collected in February peaked at 1184 and 1912 ind. 100 m
À3
. Engraulid larvae were abundant from late summer to early autumn (February-April; Fig. 4a ), a little earlier than peak abundance of teleost eggs (March-April; Fig. 4l ). Typical engraulid eggs, which are elliptical, comprised the bulk of the egg lot in March (100%, n = 331) and April (99.7%, n = 351). The Gobiidae Microgobius meeki was the second most abundant species in ichthyoplankton samples, and Gerreidae a distant third (Table II ; Fig. 4b and c) . Most taxa of interest to fisheries (Prionotus punctatus, Centropomus sp., Archosargus sp., Sparidae, Chaetodipterus faber, Paralichthys brasiliensis) were advanced in ontogenetic stage (i.e. early juvenile) and were low in abundance (Table II) . Others, such as Micropogonias furnieri, were more common (Table II) and presented greater variability in developmental stage (preflexion to early juvenile). Interestingly, most goby species were only caught as early juveniles (although they may be represented, in relatively low abundance, within the two taxa Morphospecies Ctenogobius and Morphospecies Microgobius). The exceptions were Microgobius meeki and Bathygobius soporator. All development stages (except eggs) were present for the former, whereas the latter was essentially represented by preflexion larvae with few early (pelagic) juveniles. Gerreidae were only encountered as early juveniles.
Most taxa were present year-round, sometimes presenting a relatively clear seasonal pattern of abundance (Fig. 4) . The cluster analysis (Fig. 5 ) evidenced a strong disparity between late-summer, early-autumn months (February, March and April) and the remaining 9 months of the year. Discrimination among months within this second group was low. Generally, indicator taxa for the cluster typology were not the most abundant (Fig. 5 insert ;  Table II) , and the highest dichotomy was characterised by the opposition between indicator taxa Clupeidae and B. soporator (the results for Engraulidae as indicator for the three late-summer months were ambiguous, i.e. the two tests performed by IndVal showed conflicting results). According to maximum indicator values (IndVal ! 70%), the taxa Engraulidae, M. meeki, Gerreidae, C. beleosoma, G. oceanicus, Blenniidae and G. stomatus were more typical of the whole data set than of a particular hierarchical level (Fig. 5) . This feature was also clearly evidenced in the Twinspan analysis (Fig. 6) , where these taxa still clumped together at the second split (four groups). Most of these taxa are included in a single cluster group (out of the 14 terminal groups) at the fifth partition of the data set.
Basic community data and community indices varied significantly amongst months (Table III) . The volume sorted was demonstrated to have a negative influence on larvae abundance, but this is probably an artefact caused by the splitting of high-abundance samples in March and April. Larvae abundance was highest and richness, diversity and equitability lowest from February to April (Table IV) ; richness was also low in January and October. Multiple-comparison tests did not show a clear annual pattern for either teleost egg abundance or taxa number. In the former instance, this was probably Fig. 5 . Cluster analysis (UPMGA) based on Chord distances between months, using the mean monthly abundance of all taxa excluding eggs. The larger cluster indicates characteristic ichthyoplankton taxa at nodes. The insert on lower left shows indicator taxa significant at 0.05 and 0.10 (in parentheses) detected for nodes and branches. 'Clupeidae' stands for the taxa Clupeidae/Pristigasteridae (see Table 2 ). Fig. 6 . Phylogram-style cluster based on the results of Twinspan analysis on the mean monthly abundance of 53 ichthyoplankton taxa plus unidentified larvae (excluding eggs). The dendrogram was built using the correspondence analysis (CA) axis eigenvalue as dichotomic branch lengths. Morph. stands for Morphospecies; Clupeidae for Clupeidae/Pristigasteridae. Assumptions refer to the pre-requisites for parametric analyses. All values are probabilities. Post hoc tests for differences among the means are indicated. ns , not significant; N/A, not applicable. (a) deviation from normality; df = 72, but for richness and equitability (df = 71); a = 0.05; (b) deviation from homoscedasticity; among months; df 1 = 11 and df 2 = 60, but for richness and equitability (df 2 = 59); a = 0.05; (c) n = 12 and df = 5, but for richness and equitability where n = 11; a = 0.05; (d) n = 72 but for richness and equitability (n = 71); a = 0.01.
-, non significant and removed from the model. Table IV : Results of post hoc tests conducted on basic community data and community indices comparing the mean value among months (see Table III )
The lines indicate the homogeneous groups of months (Tukey HSD tests) or join months that are not significantly different (pair-wise comparisons between estimated marginal means with Bonferroni correction for multiple comparisons). Groups are ordered from those of higher means above to those of lower means below.
caused by the important increase in abundance of engraulid eggs during the March and April tides (Table III ; Figure 7 ), and a highly significant departure from the requisites for parametric analyses (Table IV) .
D I S C U S S I O N
The ichthyoplanktonic community of Canal da Passagem was numerically dominated by a few abundant taxa, among which Engraulidae was the most representative (Table II) . In this part of the estuary, at least five engraulid species may be found simultaneously in ichthyoplankton samples as identifiable juveniles (J. C. Joyeux et al., unpublished data; September 1999 : Anchoa tricolor, Anchoa lyolepis, Anchoviella lepidentostole, Cetengraulis edentulus and Lycengraulis grossidens). Their ontogenetic development is poorly understood (Farooqi et al., 1995) , and no attempt was made to identify the species present in the ichthyoplankton samples. Engraulid eggs have a short duration of development (e.g. <24 h for Anchoa mitchilli at 'summer temperature'; Able and Fahay, 1998) . Change in abundance among consecutive samples ( Fig. 7 ; Table IV ; J. C. Joyeux et al., unpublished data) indicated that spawning probably takes place nightly within the channel and near the entrance. Planktonic phases of M. meeki seem to be rare or absent from estuaries and bays in northern Central America (Sánchez-Velasco et al., 1996; Vásquez-Yeomans and Richards, 1999) . In South American estuaries, the emerging pattern is of absence or relative rarity in the Amazonian region (Morais and Morais, 1994; Barletta-Bergan, 2002a, b) to localised abundance elsewhere [Castro and Bonecker, 1996; González Bencomo, 1996; Ekau et al., 2001 (as 'type II-Microgobius thalassinus'); present study] apart from southern-most Brazil (Muelbert and Weiss, 1991) .
Most abundant (Fig. 4) and characteristic ( Fig. 5 and 6 ) taxa were typical estuarine residents, a feature that is consistent with the findings of Ekau et al. (Ekau et al., 2001 ) in a north-eastern (07 S) Brazilian estuary. A few taxa may actually spawn in nearby coastal areas (Gerreidae?), but there was no indication that taxa other than Engraulidae (e.g. Centropomus sp.) spawn at or near this entrance of the estuary. Well-known long-distance migratory species were only represented by a few individuals of Mugilidae, Elops saurus and Myrophis punctatus; the latter two characteristically spawning beyond the continental slope.
Ichthyoplankton communities in Brazilian estuaries appear strongly structured around Sciaenidae, Engraulidae or Clupeidae, and Gobiidae. In the Lagoa dos Patos [southern-most Brazil, 32 S; (Muelbert and Weiss, 1991) ], the most abundant taxa (Sciaenidae, Clupeidae and Engraulidae) are migratory coastal spawners that use estuaries as nursery areas. In the Rio Caeté (northern Brazil, 01 S; Barletta-Bergan, 2002b) , the species that are numerically dominant in the lower estuary are coastal spawners and the majority of them belong to the Sciaenidae and the Engraulidae. Other species of estuarine-spawning sciaenids and engraulids dominate the upper reaches. Both studies contrast with our findings and also with those of Ekau et al. (Ekau et al., 2001) , who showed gobiids are second in abundance to engraulids in the small (22 km 2 ) Canal de Santa Cruz estuary. However, Amazonian estuaries and the Lagoa dos Patos are under peculiar climatic conditions and hydraulic regimes: equatorial humid, macrotidal in the extreme north and temperate, microtidal wind-driven in the south. Also, besides the differences in geographical position and climate, these estuaries are of large size and there may be an important spatial segregation of ichthyoplankton between channel and shore areas. Actually, gobioids (Gobiidae, Eleotridae) dominate the Table IV) . They, however, did not relate to freshwater inputs or salinity (Figs 2 and 3) , a feature that is similar to that detected in the Brazilian north-east (Ekau et al., 2001) , but strongly contrasts with that described for Amazonian estuaries (Morais and Morais, 1994; Barletta-Bergan et al., 2002a, b) . In the Caeté River estuary, for example, estuary-spawning species show highest abundance during the dry season, and coastalspawning species during the rainy season. Also, richness, diversity and evenness in mangrove creeks are highest in the early rainy season, a pattern that was not detected in our region ( Fig. 2 ; Tables III and IV). In Baía de Vitória, the variations in the composition and abundance of the community did not appear to relate to temperature, in contrast with what has been observed in the Lagoa dos Patos (Muelbert and Weiss 1991) , where abundance and diversity increased in spring and summer.
As much as can be determined from this study alone there is, therefore, no evidence that the Baía de Vitória estuary is significantly used as a nursery habitat by transient, ocean-spawned species entering the system through this channel, nor is there evidence that the structure or abundance of the ichthyoplankton community is regulated by freshwater inputs. Such characteristics had already been evidenced in a similar Brazilian estuary (Ekau et al., 2001) . They fit within the global pattern of almost exclusive utilisation of tropical estuaries by resident and coastal taxa without strict estuarine dependence (Blaber, 2002) although some marine species may depend upon specific estuarine or coastal habitats (Nagelkerken et al., 2001; de la Morinière et al., 2002) . The exact influence of pollution (Kingsford and Gray, 1996) and tide on the shaping of the community remains to be determined. It is not a simple matter to do so as multiple-entry estuaries display complex spatial and temporal hydrodynamic and community structure patterns (Pietrafesa and Janowitz, 1988; Hettler and Barker, 1993; Sánchez-Velasco et al., 1996; Joyeux, 1998) , and climatic conditions can strongly affect the geographical or temporal distribution of ichthyoplankton (Joyeux, 2001; Chiappa-Carrara et al., 2003) .
A C K N O W L E D G E M E N T S
We thank Gelcílio Barros Filho, Luciana Lisboa Mota e Castro and Genyess Arthur Ribeiro da Silva Vieira for their help during sampling and sorting. José Henrique Muelbert (FURG, RS, Brazil) critically read our manuscript. We gratefully acknowledge the financial and travel support provided by the Brazilian Conselho Nacional de Pesquisa (CNPq), the Fundo de Apoio a Ciência e Tecnologia of Vitória City Hall (FACITEC), the Centro de Ciências Humanas e Naturais (CCHN-UFES) and the Reitoria (Reitoria-UFES).
